Citreoviridin, a neurotoxic mycotoxin, has been found as a natural contaminant in corn left unharvested in the southeastern United States and in rice of several Asian countries, including Japan. A reliable analytical method for the quantitative determination of citreoviridin in corn and rice is described. Corn or rice is extracted with dichloromethane, and the extract is partially purified on silica and amino solid-phase extraction (SPE) columns. The extract is analyzed for citreoviridin by normal-phase liquid chromatography, using a mobile phase of ethyl acetate-hexane (75 + 25) at 1.5 mLimin and a fluorescence detector to measure the yellow fluorescence (388 nm excitation, 480 nm emission). With a 100 ILL injection loop, the relationship between concentration and injection volume is linear for 20-60 ILL injections. Recoveries of citreoviridin added to yellow corn at 10-50 ng/g were 91.0-96.9%; recoveries from white corn (10-50 ng/g added) were 96.8-102.8%. Recoveries of 5000 ng/g added to white corn were 89.0%, indicating that heavily contaminated samples can be assayed by the method. Minimum detection limits were 10 ng for citreoviridin standard and 2 ng/g for citreoviridin added to corn. White rice fermented with Penicillium citreo-viride (1524 ppm) was mixed with and serially diluted with uncontaminated ground corn to obtain citreoviridin-contaminated corn (ca 25 ppb). 'When the samples were assayed by the method, a mean level of 24.4 ± 1.65 ppb (6.5% coefficient of variation) was obtained. Four fermented rice food samples and 3 commercial rice samples were investigated. Analyses of a fermented red rice and a fermented wild rice gave unsatisfactory results because impurities in partially purified extracts interfered with LC analysis. Extracts of most rice samples did not require cleanup by the SPE columns to remove interfering LC peaks.
Acute cardiac beriberi has been a problem in rice-eating populations of Asia, including Japan, for the past 3 centuries (1). This disease, known as "shoshin-kakke" in Japanese, is characterized by violent symptoms, i.e., convulsions, vomition, ascending paralysis, and respiratory arrest. In 1891, Sakaki (2) demonstrated that an ethanol extract from fungi-infected rice grains caused the same reactions in frogs, rabbits, and mice. Miyake (3) isolated the fungi responsible for "yellowed" rice and named the fungal species Penicillium toxicariurn Miyake. Later, Naito (4) examined the fungus and changed the name to P. cifreo-viride Biourge. In 1947, Hirato (5) isolated a toxic compound from yellow rice, which he named citreoviridin; his collaborators, Sakabe et al. (6) , purified the material and characterized the structure of citreoviridin ( Figure 1 ). Studies by Ueno and Ueno (7) demonstrated that cardiac beriberi was caused by citreoviridin and established this compound as a neurotoxic mycotoxin. Fortunately, acute beriberi has not been as prevalent in contemporary times. It is postulated that the improved vitamin-rich diets for humans and modern improvements in rice inspection are major reasons for the disease reduction.
Ueno (1) reported that citreoviridin was also produced by Eupenicillium ochrosalmoneum Scott and Stolk (conidial stage, Penicillium ochrosalmoneum Udagawa) (8) . Nagel et Received September 8, 1987 . Accepted December 1. 1987. Presented in part at the lOath Annual International Meeting of AOAC, Scottsdale. AZ. September 15-18. 1986.
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al. (9) produced citreoviridin on corn with E. ochrosalmoneum, and Wicklow et al. (10, 11) found citreoviridin in corn that was left unharvested for 4 months following the 1981 growing season in southern Georgia. E. ochrosalmoneum was isolated from the infected corn kernels. This mold occurs naturally in the tropics and subtropics and, consequently, citreoviridin may be a mycotoxin contamination problem in corn grown in southern regions of the United States. Although P. citreo-viride favors cooler growth temperatures, pecan hulls and fragments containing citreoviridin were found in southwest Georgia in 1980 (12) . The mold originally identified in the pecan pieces was P. charlessi; however, the authors now suspect it was P. citreo-viride (private communication).
A reliable analytical method is needed to determine whether contamination of corn by citreoviridin is a problem. In most analytical methods for citreoviridin (1, 7, 13), the toxin is eluted from developed thin-layer chromatography (TLC) plates, and measured with a UV spectrometer. These methods are laborious and lack sensitivity. Wicklow et al. (10) used TLC to detect citreoviridin in extracts of cleistothecia, and reverse-phase liquid chromatography (LC) to determine the quantities. The necessary parameters and mobile phase for conducting the LC analysis were not given. Personal communications with R. J. Cole indicated the mobile phase was methanol-water (65 + 35) pumped through a fLBondapak Radial CIS column (8 mm id, 10 fLm particle size) at 1.5 mLi min. A UV absorbance detector set at 385 nm was used to measure the citreoviridin. Because we had already completed a major portion of our research when this information became available, we continued with our normal-phase system. In this manuscript, a normal-phase LC method is described for the quantitative determination of citreoviridin in corn and rice. (1) LC mobile phase. -Mix ethyl acetate and n-hexane 
METHOD

Apparatus and Reagents
Sample Extraction
Add 50 g ground com (rice), 109 diatomaceous earth, and 150 mL dichloromethane to 500 mL glass-stopper Erlenmeyer flask. Shake 30 min on wrist-action shaker. Filter mixture through paper and discard solids. Refilter solution through glass fiber, and collect 30 mL for SPE column chromatography. As alternative extraction procedure, combine mixture in blender bowl, cover, and blend 3 min. Filter and treat as described above.
SPE Column Cleanup
Attach SPE-SI column to polypropylene syringe with SPE adapter and to vacuum manifold. Prewash column with 5 mL dichloromethane (low vacuum). Do not let column drain dry at this step (subsequent additions can be completely drained). Add 30 mL sample filtrate, and drain through column at ca 10 mLimin (under vacuum). Wash column with 5 mL dichloromethane and 5 mL ether (discard). Elute citreoviridin with 15 mL acetonitrile-ether (1 + 3), and collect eluate in 4 dram vial, Evaporate solvent under nitrogen at 70°C, and save for SPE-NH 2 column. Remove SPE-SI column and discard.
Attach SPE-NH 1 column to vacuum manifold and 20 mL syringe. Prewash column with 2 mL ether (discard) (do not let column drain completely; see above). Dissolve residue from silica column in 1 mL ether and add ether to column (under vacuum). Wash vial with two 1 mL ether rinses and drain rinses through column (discard). Elute citreoviridin with 20 mL acetonitrile-ether (1 + 3) (under vacuum) into vial and evaporate to dryness under nitrogen at 70°. Save for LC analysis.
LC Analysis
Dissolve residue from SPE-NH 2 column in 500 ,uL ethyl acetate-hexane (7 + 3). Adjust mobile phase flow rate to 1.5 mLimin, and inject 3 different aliquots (i.e., 20, 40, and 60 ,uL) ofstandard citreoviridin solution. Citreoviridin retention time (R T ) (major peak) is 5.4-5.9 min. On graph paper, plot calculated peak areas vs quantities (ng) injected, and determine that plot is linear. Inject 50 ,uL sample and calculate peak area. Sample concentration can be determined from plot ofcitreoviridin standards or from the following formula:
where C = concentration of citreoviridin, ng/g; A = peak area of sample counts; A' = average peak area of standard counts; I' = injection volume of standard, ,uL; I = injection volume of sample, ,uL; S = standard citreoviridin solution concentration, ng/,uL; V = final volume of sample, including dilutions, ,uL; and W = weight sample, g (usually 10 g).
Results and Discussion
Initially, quantities of citreoviridin were to be measured by TLC and densitometry. Solvent systems described by Ueno and Ueno (7) satisfactorily resolved citreoviridin on silica gel plates; however, when the plates were scanned with a fluorospectrodensitometer (Schoeffel SO 3000), the yellow fluorescent citreoviridin zone degraded to a greyish-blue zone. Presumably, UV exposure of the citreoviridin zone was excessive because ofthe slow scanning speed (0.4 mm/s). When a TLC plate is scanned on a densitometer, a 5 mm zone of citreoviridin is exposed to UV light for about 10-12 s; in contrast, with a LC fluorescence detector and a flow rate of 1.5 mLimin, citreoviridin is exposed for about 0.4 s as it passes through a 10 ,uL cell. For this reason, LC was chosen to determine quantities of the mycotoxin.
Several solvent mixtures for normal-phase LC of citreoviridin were evaluated, and ethyl acetate-hexane (7 + 3) was selected. Fluorescence detection with 388 nm excitation and 480 nm emission gave optimum response and sufficient sensitivity (minimum detection is ca 10 ng, 5% full scale) for use in an analytical method. A tracing of standard citreoviridin is shown in Figure 2a . The main peak with a retention time (R T ) of 5.46 min is citreoviridin. The small peak at R T 6.15 has not been positively identified; however, it was present in all standard preparations we made. At first, a contaminant in the crystalline material was suspected, but the physiochemical properties of the crystalline material were comparable to published data. Also, stock standard citreoviridin solutions were injected onto a 5 ,urn silica gel analytical column (DuPont Zorbax Sil, 4.3 mm id x 25 cm), and the 2 peaks were completely resolved. The peaks were collected separately, aliquots of each were re-injected, and the chromatograms were inspected. Both citreoviridin and the unidentified peak were present in each fraction and in the same ratio (about 85: 15) as in the initial stock standard solution. Crystalline citreoviridin was obtained from R. J.
Cole, and LC chromatograms were identical for this material and ours. Cole finds only one peak with his LC system (personal communication). Although the exact reason for this difference is not known, the normal-phase column uses 5 J.Lm particles while the radial reverse-phase column (Cole) used 10 J.Lm particles. Possibly, a more sensitive reverse-phase column would also show 2 peaks, or normal-phase LC conditions may promote the formation of an isomer in equilibrium with citreoviridin while those for reverse-phase LC do not. From the collective data, we postulated that the 2 peaks are geometrical isomers that exist in solution in a fairly constant ratio. The ratio, 85: 15, exists for fluorescence detection; however, a 7:3 ratio was found with the absorbance detector. Because the second peak is less fluorescent and would interfere less, fluorescence detection was selected instead of absorbance. However, an absorbance detector might be used if a fluorescence detector were not available. Research is being continued to identify the second peak and determine the nature of the equilibrium products in the LC analysis. The repeatability of peak areas for the 2 peaks was determined and is given in Table 1 . For the conditions of this study, the peak areas for 20-60 J.LL injections were repeatable. Coefficient of variation for peak 1 was 1.8% and for peak 2, 4.8%. The ratio of peak 1 to peak 2, based on the sum total peak area, is 85: 15. Injection volumes below 20 J.LL with a 100 J.LL loop are not linear because of injector designs, loop size, and dilution effects (Technical Notes 1 (1979) Reodyne, Inc.). The repeatability data show that under the conditions given in the experimental section, the ratio of these 2 peaks is constant and fluorescence detection can be used as the determinative step.
Although ethanol is used to extract citreoviridin from fermented substrates for isolation studies, dichloromethane was chosen as the extraction solvent in the analytical method because it can be used more readily in subsequent cleanup steps, i.e., it is easily evaporated, does not deactivate silica gel columns, and dissolves citreoviridin and com extracts completely. Initially, full size silica gel columns (2 and 10 g), typical of other mycotoxin methods (15), were used to partially purify com extracts; however, interfering contaminants remained, and LC chromatograms were unsatisfactory. Application kits containing 12 different sorbent types (Analytichem International) were tested with com extracts that were artificially contaminated with citreoviridin. Recoveries and cleanup were optimum with the SPE-SI column and the SPE-NH 2 column; therefore, it was decided to use the columns together. Numerous solvent mixtures were tried as cleanup and/or eluting solvents, and the best results were achieved as detailed in the experimental section. Although the method indicates the SPE columns were used with vacuum, syringe plungers can be used equally well to force solvents through the columns. Figure 2 is a composite of 3 chromatograms showing standard citreoviridin (Figure 2a) , white com extract plus citreoviridin (Figure 2b) , and yellow com extract plus citreoviridin (Figure 2c) . Cleanup of the extracts was excellent.
Recoveries of citreoviridin added to yellow com at concentrations of 10-50 ng/g ranged from 91.0 to 96.9% with a corresponding standard deviation range of 6.2-12.2 and coefficients of variation of 6.4-13.2% (Table 2) . Recoveries ofcitreoviridin added to white com at 10-50 ng/g levels were slightly better, 96.8-102.8%, than those for yellow com (Table 2). Additional studies with white com (l00, 1000, and 5000 ng citreoviridin/g) were done to determine if samples that contain greater concentrations of citreoviridin would exceed the capacity ofthe method (SPE columns). Recoveries decreased as the concentrations increased, but even at 5000 ng/g, recovery was satisfactory (89.0%). The method has a minimum detection limit of 2 ng/g. The contaminated com left unharvested in the field (10) was assayed by the method described, and citreoviridin was found at levels ranging from 19 to 2790 ppb (11). No unusual contaminants were detected which interfered with the LC analyses of the com extracts.
White rice fermented with P. citreo-viride (NRRL 2579) (1524 J.Lg/g, ppm) was ground, blended, and serially diluted 'Method described in text. Calculations made by comparing peak 1 (Table  1) areas.
, 104% recovery for citreoviridin added at 50 ng/g level.
b 78% recovery for citreoviridin added at 50 ng/g level. Table 3 . Summary of application of citreoviridin method to com· mercial and cultured rice products the solution was injected. The retention times before and after elution of citreoviridin were totally free of interfering peaks. The natural brown rice was spiked at a level of 50 ng/ g, and an average recovery of 104% of added citreoviridin was calculated (Figure 3a) . However, fermented red rice and wild rice both contained contaminants that interfered with LC determinations, and the method was not satisfactory for cleaning up these samples. The latter rice was artificially contaminated at 50 ng/g, and although citreoviridin was easily distinguished on the chromatogram (Figure 3b) , only 34.4 ng/g (78% recovery) was calculated because the peak occurs on the downward slope of a large interfering contaminant. Generally, rice products were assayed readily for citreoviridin without extensive cleanup procedures, but the columns may be used to improve the chromatograms or remove interferences that may occur. In summary, a method for the determination of citreoviridin is presented that utilizes dichloromethane extraction, cleanup with silica and amino SPE columns, and LC quantitation. The method is rapid, inexpensive, easily performed, and applicable to both corn and rice.
